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Neuropathological and molecular aspects of low-grade and high-grade gliomas
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Abstract

Gliomas are the most frequent primary brain tumors.
They are derived fromglial cells of astrocytic, oligoden-
droglial and ependymal origin. According to the WHO
classification of brain tumors gliomas are divided in
low-grade (grades | and Il) and high-grade (grades |11
and 1V) tumors. Low-grade tumors are well-differentiat-
ed, slow-growing lesions. Grade | tumors are well-cir-
cumscribed and often surgically curable, whereas grade
Il tumors are diffuse, infiltrating lesions with a marked
potential over time for progression towards a high-
grade malignant tumor. The optimal management of
low-grade gliomasis still debated. Important prognostic
factors such as histology, grade and location of the
tumor, age and functional status of the patient, must be
taken into consideration to select the most appropriate
treatment. Major advances in the molecular genetic
assessment of brain tumors and of gliomas in particular
have lead to the identification of several molecular
markers playing a crucial role in the development of
gliomas and in their malignant transformation. Some of
those markers were found very useful to assist in the his-
tological diagnosis and to predict survival and response
to therapy. A combined deletion of chromosomes arms
1p and 199 can be found in more than 50% of Grade ||
and 1l oligodendrogliomas and has been associated
with chemosensitivity and a better prognosis. Once lim-
ited to the field of research, molecular biology has now
entered the daily neuropathological practice and will
undoubtedly play an increasing role in future classifica-
tion and treatment of brain tumors.
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Definition and classification
of low-grade gliomas

The most widely used classification and grading
of gliomasisthat of the World Health Organization
(WHO) (Kleihues and Cavenee, 2000). Gliomas
are defined pathologically as brain tumorswith his-
tological, immunohistochemical and ultrastructural
features of glial differentiation. Approximately
50% of primary brain tumors are gliomas, arising
from astrocytes, oligodendrocytes or their precur-
sors and ependymal cells. According to the WHO

classification, gliomas are graded on a scale of | to
IV based on their degree of malignancy or anapla-
sia. Grade | and Il tumors, the so-called low-grade
tumors, are well differentiated slow-growing
tumors histologically characterized by alow cellu-
larity, no or rare mitoses and anisonucleosis. Grade
| lesions are well circumscribed and therefore
entirely surgically removablein most cases without
additional therapy. Examples of grade | gliomas
include the pilocytic astrocytoma, the subependy-
mal giant cell astrocytoma (SEGA) and the myx-
opapillary ependymoma. The diffuse infiltrating
grade Il gliomas can in most cases only be partial-
ly treated by surgery and eventually will recur.
These diffuse gliomas are classified as astrocy-
tomas, oligodendrogliomas, oligoastrocytomas
derived from both astrocytes and oligodendrocytes
and ependymomas. Their optimal management is
still debated (Whittle, 2004). Although histological
benign most of these tumors will transform into
malignant grade Ill and IV tumors within 5-10
years of diagnosis (Maher et al., 2003). Grade 111
and 1V gliomas, the so-called high-grade tumors,
are fast growing malignant lesions sharing histo-
logical features of anaplasia characterized by a
high cellularity, marked anisonucleosis and promi-
nent mitotic activity. Anaplastic astrocytomas,
anaplastic oligodendrogliomas and anaplastic
oligoastrocytomas are the most frequent grade 111
tumors. They can develop de novo or from a grade
Il tumor. Grade IV tumors display in addition signs
of endothelial proliferation and/or necrosis
(Kleihues and Cavenee, 2000). The glioblastomais
the prototype of the grade IV glioma. Most
glioblastomas develop de novo and are called pri-
mary glioblastomas. About 25% of them are sec-
ondary glioblastomas resulting from the malignant
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transformation of alower grade astrocytomaor less
frequently of an oligodendroglioma. The histo-
pathology of glioblastoma is extremely variable
(Kleihues and Cavenee, 2000). Usualy more or
lesswell differentiated neoplastic astrocytes can be
observed at least focally. In the so-called small-cell
glioblastoma variant, poorly differentiated small
round or fusiform anaplastic cells are the predomi-
nant encountered cell type. Histology and grading
of gliomas are strong predictors of survival
(Kleihues and Cavenee, 2000 ; Behin et al., 2003).
Median survival from diagnosisislonger for oligo-
dendrogliomas than for astrocytomas of equal
grade (Behin et al., 2003). Age over 40 years, pres-
ence of neurological deficits expressed on the
Karnofsky performance score and large tumors
crossing the midline have a negative impact on
prognosis (Pignatti et al., 2002 ; Wessels et al.,
2003). The current imaging technique for the eval-
uation of gliomas is magnetic resonance imaging
(MRYI). As a rule high-grade tumors often show a
prominent gadolinium enhancement, while the
grade Il gliomas generally lack enhancement.
However according to some authors up to one third
of high-grade gliomas do not show any contrast
enhancement (Scott et al., 2002 ; Wessels et al.,
2003). Accurate neuropathological diagnosis is
therefore critical for prognostic and therapeutic
purposes (Lebrun et al., 2004). Neuropathol ogical
evaluation and grading of the tumor may however
be difficult even for experienced neuropathologists
(Reifenberger and Louis, 2003). Considerable
inter-observer variability may indeed exist in the
evaluation and grading of astrocytomas, oligoden-
drogliomas and mixed oligoastrocytomas
(Reifenberger and Louis, 2003). Pathological diag-
nosis must therefore be correlated with clinical and
radiological data (Behin et al., 2003). Morereliable
markers are needed to improve the histological
classification and grading of gliomas (Reifenberger
and Louis, 2003).

Molecular biology of gliomas

Activation of oncogenes, inactivation of tumor
suppressor genes and overexpression of growth
factors such as PDGF and EGF are the basic mole-
cular mechanisms of tumor formation and malig-
nant transformation of low-grade tumors (Louis
and Cavenee, 2000). Inactivation of the p53 tumor
suppressor gene located on chromosome 17p and
overexpression of Platelet-derived growth factor
(PDGF) and its receptor are two common events
occurring early in the formation of grade Il astro-
cytomas (Maher et al., 2003 ; Louis and Cavenee,
2000). Both genetic events are closely linked.
Oligodendrogliomas display frequent allelic loss of
chromosomes 1p and 19g. These chromosomal
abnormalities are found in 50 to 80% of grade Il

and grade IIl tumors suggesting that these ater-
ations are early events in the formation of oligo-
dendrogliomas (Louis and Cavenee, 2000 ;
Reifenberger and Louis, 2003). The exact location
of oligodendroglioma-associated tumor suppressor
genes on 1p and 19q is still unknown. Recently
three distinct candidate regions were defined on
chromosome 1p (Felsberg et al., 2004). Other mol-
ecular markers play a critical role in the transition
from low-grade to high-grade gliomas. The transi-
tion of grade Il astrocytomato grade |11 anaplastic
astrocytoma is accompanied by allelic losses on
chromosomes 9p and 13q (Maher et al., 2003).
Chromosome 9p contains the tumor suppressor
gene CDKNZ2/pl6. Loss of chromosome 9p is
found in approximately 50% of anaplastic astrocy-
tomas and glioblastomas. Another important tumor
suppressor gene is the retinoblastoma gene (RB1)
mapping to chromosome 13qg. RB gene isinactivat-
ed in about 20% of AA and 35 % of glioblastomas
(Louis and Cavenee, 2000). The dramatic increase
in proliferation characteristic for the transition of
grade Il to grade 111 astrocytomasis largely related
to dysregulation of this RB pathway (Maher et al.,
2003). Another progression-associated glial tumor-
suppressor gene is located on chromosome
19913.3. All€elic loss of the long arm of this chro-
mosome is found in 40% of anaplastic astrocy-
tomas and glioblastomas (Louis and Cavenee,
2000). PTEN (phosphatase and tensin homology)
geneis atumor suppressor gene localised on chro-
mosome 10g23. Chromosome 10 loss is a frequent
finding in glioblastoma (L ouis and Cavenee, 2003).
The same genetic alterations (mainly losses of 9p
and 13q) are also implicated in the malignant pro-
gression of oligodendrogliomas (Maher et al.;
2003, Reifenberger and Louis, 2003 ; Fallon et al.,
2004). Molecular studies have lead to the identifi-
cation of two subsets of glioblastomas with two
different underlying molecular pathways (Louis,
1994). Primary glioblastomas occur de novo and
are associated in about 40% with an amplification
of the oncogene epidermal growth factor receptor
(EGFR) located on chromosome 7p12 and loss of
chromosome 10g. Secondary glioblastomas result
from the malignant progression of a low-grade
glioma and display p53/chromosome 17p alter-
ations and PDGF receptor overexpression (Louis
and Cavenee, 2000). EGFR gene amplification
almost never occurs in tumors with loss of chromo-
some 17p. Genetic aterations found in oligoastro-
cytomas resemble either those found in oligoden-
drogliomas (mainly losses of 1p/19q) or those
encountered in diffuse astrocytomas (P53 muta-
tions) (Reifenberger and Louis, 2003). No specific
genetic abnormalities for oligoastrocytomas were
found. Genetic changes involved in malignant pro-
gression of oligoastrocytomas, are similar to those
found in other malignant gliomas (losses of 9p,
10q, 130).
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Molecular techniquesin neuropathological
evaluation of gliomas

Molecular techniques are beginning to be imple-
mented in the daily neuropathological practice.
Fluorescence in situ hybridisation (FISH) has
emerged as a powerful tool for the assessment of
tumoral DNA alterations such as aneusomies, dele-
tions, gene amplifications and translocations
(Fuller and Perry, 2002). FISH provides informa-
tion on DNA localisation and copy number with a
high sensitivity and specificity. A major advantage
of the techniqueisthat in can aso be performed on
formalin-fixed tissue allowing examination of
archival material. Improved hybridization proto-
cols and the commercia availability of an increas-
ing number of new probes have greatly enhanced
the applicability of FISH in the pathology labs. The
technique is simple and has much in common with
immunohistochemistry. Basic steps of this two-day
assay include deparafinization, enzymatic target
retrieval, denaturation of probe and target DNA,
overnight hybridization, and microscopical analy-
sisand imaging. Probes can be labeled with differ-
ent fluorophores and can be used simultaneously to
detect and quantify different DNA targets. In the
case of LOH 1p36, one probe labeled with a green
fluorophore directed against the locus 1925 is com-
bined with a red probe against the locus 1p36. The
reference probe allows quantification relative to
chromosome 1 copy humber and serves as an inter-
na control. Normal nuclei will thus present up to
two green and two red signals. In the case of a1p36
deletion, one red signal is missing (Fig. 1). The
diagnosis of LOH1p36 is made when the mean
1p36 / 1925 ratio (based on 25 hybridizing nuclei)
is< 0.8. Similarly for LOH19g13, a green-labeled
reference probe to the locus 19p13 is combined
with a red-labeled probe against the 19913 locus
(Fig. 2). In the case of gene amplifications theratio
of target over reference probe is generaly >2.0.
Gene amplifications, such asthat of the EGFR gene
in glioblastoma multiforme, result in a high copy
number of the red-labeled EGFR gene on chromo-
some locus 7pl12 versus the green reference probe
directed against the centromeric region of chromo-
some 7 (Fig. 3). There are also some disadvantages
with FISH. Since the minimal size of the probesis
at least 30Kb, alterations must be equally large for
reliable detection (Fuller and Perry, 2002). Other
techniques such as PCR are needed for the detec-
tion of smaller alterations (Fuller and Perry, 2002).
Another limitation of FISH isthat it cannot be used
as agenomic screening tool for the identification of
new yet unknown alterations. Other techniques are
now available for research purposes such as com-
parative  genomic  hybridization (CGH),
matrixCGH and gene expression microarray chips
(Mohr et al., 2002). Microarray technology is a
promising tool that allows large-scale assessment

of many genes not only at DNA and RNA level but
now also at the level of their protein product (Mohr
et al., 2002).

Therapeutic and prognostic implications of
genetic alterations

Several retrospective studies have shown that
some molecular markers are associated with a
longer survival and with a better response to radio-
and chemotherapy. The combined deletion of chro-
mosome arms 1p and 19q is found in 50-80% of
oligodendrogliomas and has been associated with
important prognostic and therapeutic conse-
guences. Genetic analysis of grade Il and 11 oligo-
dendrogliomas with an identical morphology can
identify several subgroups with adifferent response
to chemotherapy and a better prognosis (Cairncross
et al. 1998 ; Ino et al., 2001 ; van den Bent et al.,
2003 ; Reifenberger and Louis, 2003 ; Felsberg et
al., 2004). Patients whose tumors harbour a com-
bined deletion of chromosomes 1p/19g had a 5-
year survival rate of 95% while patients whose
tumors lack the 1p deletion had a 17-fold higher
risk of death (Cairncross et al., 1998). The same
researchers (Ino et al., 2001) identified in their
series of 50 patients with a grade 1ll oligoden-
drogliomafour groups of patients. Patients belong-
ing to group 1 (combined 1p/19q deletion without
other genetic aterations) had a response rate to
chemotherapy of 100% and a median survival of
more than 10 years. Patients belonging to group 2
with isolated 1p loss also displayed a 100%
response rate to chemotherapy but of shorter dura-
tion and amedian survival of 6 years. Groups 3 and
4 included patients without 1p/19qg loss with a
chemosensitivity of only 33% for group 3 and 18%
for group 4. The duration of the response to
chemotherapy was much shorter in those 2 groups.
The tumors of group 3 patients contained p53
mutations. Patients of group 4 lack p53 mutations
but instead displayed a genetic profile similar to
that of primary glioblastoma (amplification of
EGFR gene, loss of 10qg). The prognosis in this
worst group was similar to that of a glioblastoma
with a median survival of 16 months. The signifi-
cance of 1p/19q loss as a favourable prognostic
marker was recently confirmed (Felsberg et al.,
2004). Loss of heterozygosity (LOH) on 1p and
19g wasin their study associated with alonger sur-
vival in patients with low-grade oligoden-
drogliomas (5-year survival rate of 92% versus
70%). Patients with anaplastic oligodendrogliomas
harbouring a combined 1p/19g deletion treated
with adjuvant radio- and/or chemotherapy had a 5-
year survival rate of 80% versus 36% for those
without the deletion. Clinical management of
patients with oligodendrogliomas should therefore
not only be based on clinical and radiological fea-
tures, histological diagnosis and grading but should



PATHOLOGY AND MOLECULAR BIOLOGY OF GLIOMAS 151

Fic. 1. — FISH for LOH 1p36 performed on two different oligodendrogliomas show a normal signal distribution with two signals
of the green 1925 reference probe and two signals of the red 1p36 target probein asingle DAPI stained blue cell nucleus of one tumor
(Left panel) and a deletion of the 1p36 locus on one chromosome resulting in two green reference signals and asingle red target signal
in the second tumor (right panel).

Fic. 2. — FISH for LOH 1913 performed on two different oligodendrogliomas show anormal signal distribution with two signals
of the green 19p13 reference probe and two signals of the red 19q13 target probe in a single DAPI-stained blue cell nucleus of one
tumor (Left panel) and a deletion of the 19913 locus on one chromosome resulting in two green reference signals and asingle red tar-
get signal in the second tumor (right panel).

Fic. 3. — FISH for EGFR (red) and the centromere of chromosome 7 (green) on a glioblastoma showing strong EGFR gene ampli-
fication as indicated by the large number of red EGFR gene copies versus the green reference probe in multiple DAPI stained blue
cell nuclei.
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also rely on the molecular characteristics as well
(Reifenberger and Louis, 2003). As such molecular
genetic characterisation could in a near future play
an important role in the selection of those patients
who could benefit most from chemotherapy. The
most extensively studied first-line chemotherapy
for patients with oligodendrogliomas is the combi-
nation of procarbazine, lomustine and vincristine
(PCV regimen) (Van den Bent et al., 2003). This
combination therapy is however associated with
cumulative immunosuppression and other serious
side effects. Recently Temozolomide (Temodal)
has been shown effective as first and second line
chemotherapy of oligodendrogliomas (Van den
Bent et al.,, 2001 ; Van den Bent et al., 2003).
Temodal is associated with less side effects and a
low incidence of noncumulative hematological tox-
icity and may improve outcome without affecting
significantly the patient’s quality of life (Van den
Bent et al., 2003). Clinical data are now available
supporting the use of chemotherapy in patients
with oligodendrogliomas harbouring 1p/19q dele-
tions and with clinical signs of progression. This
could potentially allow postponing radiotherapy
and its associated risk of delayed cognitive dys-
function (Behin et al., 2003). Another setting
where molecular biology has prognostic implica-
tionsisthe glioblastoma. Using FISH amplification
of EGFR receptor isfound in about 40% of the pri-
mary glioblastomas and in less than 10% of
anaplastic astrocytomas (Kleihues and Cavenee,
2000). Assessment of EGFR amplification is useful
to differentiate small-cell glioblastomas from
anaplastic oligodendrogliomas (Reifenberger and
Louis, 2003). The presence of EGFR amplification
has also been associated with a more rapid pro-
gression of the tumor (Louis and Cavenee, 2000).
In about half of the glioblastomas with EGFR
amplification, the event is coupled with a mutated
EGFR, cdled EGFR variant 111 (vIlI), an aberrant
tyrosine kinase (Kleihues and Cavenee, 2000). In a
recently presented study, EGFR vlIl was detected
by immunohistochemistry in 14% of patients with
anaplastic astrocytomas and in 20% of the glioblas-
tomas (Bucker et al., 2004). The average survival
of vllI positive anaplastic glioma patients was only
7, 2 months, as compared with 33 months for their
vlll-negative counterparts. The prognosis of
glioblastomas was the same whether the variant
was detected or not. EGFR vlll expression was
thus significantly associated with reduced survival
ingrade 11 tumors but not in patients with glioblas-
toma.

Conclusion

Molecular markers can predict survival and will
play an increasing role in the diagnosis and man-
agement of some gliomas. When deading with
grade Il and 11l oligodendrogliomas, diagnostic

testing using FISH technology for 1p and 19q loss
should now be offered to the clinician for prognos-
tic and therapeutic purposes. Assessment of EGFR
amplification is useful in the evaluation of glioblas-
tomas and for differential diagnosis between small-
cell glioblastomas and anaplastic oligoden-
drogliomas. Detection of the EGFR vlIl in anaplas-
tic astrocytomas may identify a subgroup with a
prognosis that is comparable to that of glioblas-
toma.
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